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Ceratophysella sigillata has a life span which may extend beyond two years in a temperate climate. Two 
polymorphisms can be observed: an epitoky (reproductional polymorphism) in spring and a summer 
dormancy (instars 3, 9 and 15. respectively) which lasts 4-5 months. When humidity is sufficient, the 
species exhibits exceptional surface activity during winter and spring, which is connected with intense 
feeding. Colonies comprise up to millions of individuals, moving over the forest floor. 


1. Introduction 


A number of collembolan species are known to occur in 
masses from time to time, the majority of observations deal- 
ing with the holarctic species Hypogastrura socialis, which is 
most conspicuous during winter. Details on Cerarophysella 
sigillata are only provided by Uzel (1891), Carl (1901) and 
Sachsse (1957). Until now, it was known as a winter species 
from the Alps and their northem forelands as far as Czecho- 
slovakia (Gisin 1960, Palissa 1964). Detailed studies of 
Collembola which are active in great numbers on the surface 
(mainly during winter) concern Hypogastrura socialis 
(Macnamara 1919, Leinaas 1981) and /sotoma hiemalis 
(Zettel 1984a, 1984b, 1985, Zettel & Zettel 1989). 

This paper covers the results of the first two years of a 
research project started in 1989. 


2. Materials and methods 


Out of a number of known populations near Bern, Switzerland, 
one was chosen as the main observation site: Biielwald near 
Diemerswil, 10 km north of Bern, altitude 640 m a.s.1. The 
area comprises parts of pure beech (Fagus silvatica), pure 
spruce (Picea abies) and mixed stands, The ground is partially 
covered by moss, herbs (mainly Majanthemum bifolium) and 
bramble (Rubus sp.). The soil shows a typical moder profile 
with a pronounced F-layer. Temperatures (air. surface, litter, 
soil in $ cm depth) and relative humidity are recorded hourly 
by GRANT SQUIRREL thermologgers. During surface ac- 


tivity, the colonies are mapped at 2-day intervals and sam- 
ples from the surface and/or the F-layer are taken for size 
measurements, morph determinations and gut analysis. In 
the laboratory, we cultured animals in climatic chambers 
with a simulated natural light and temperature regime. They 
were kept in glass vials of 60 and 400 ml content, with a 
bottom layer of moistened plaster of Paris — charcoal mixture 
and a tight lid. The food we offered consisted of a mixture of 
Pleurococcus algae, yeast and ground oats. The instars were 
identified by their mucro shape and length. Deviations were 
very small, in contrast to those of total body length. A further 
advantage of the mucro length is that it can be measured on 
damaged animals and shed cuticles, too. The measurements 
presented were obtained from animals either freshly caught 
in the field or kept for some time in captivity, instars 1 and 2 
also from clutches reared in culture. For better intelligibility, 
only body length is presented in Fig. 1. 


3. Results 


3.1. Development and phenology 


C. sigillata has a defined reproduction period of about 3 
weeks in spring. During their life, the animals pass through 2 
types of polymorphisms with a total of 4 different morphs. 
Eggs develop within ca. 3.5 weeks at a temperature of 10°C 
and hatch in late April or early May. A population of C. 
sigillata is split up into numerous colonies which are spatially 
separated from each other for most of the time. Due to 
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differences in microclimate and food abundance these colo- 
nies may slightly differ in development, but within one 
colony moulting is highly synchronized. Data on body length 
and duration of the instars are given in Fig. 1. 

Instars 1 and 2 (I, and I,) are intensively feeding ones. 
I; is different from the previous instars and cannot be 
determined with actual keys (morph C). It enters a diapause- 
like summer dormancy which affects a number of mor- 
phological features (for details see Zettel & Zettel 1994). 
The animals remain totally inactive, highly aggregated in 
the F-layer of the soil profile and do not feed. The moult 
back to the normal, active A-morph (1.) takes place to- 
wards the end of October and is not as synchronized as 
other moults. The animals remain inactive in the soil and 
become surface-active again in the second half of Decem- 
ber. The change to I; occurs at the end of January. In the 
second half of March, another morphological change, to 
the reproductive instar (I,, epitoky, morph E), can be ob- 
served. Its morphological features are quite similar to those 
of the morph C; it lasts only about 3 weeks. 

At the end of their first year of life, a great number of 
animals die during the change to I; (mortality mean + 95% 
CL: 47.6 + 11%, compared to 4.2 + 2.5% for the moult 
I,1,. The survivors enter their second year with 2 instars 
(l; and I,) which resemble the A-morph, but have a sig- 
nificantly decreasing mucro length, representing a gradual 
transition to another inactive C-morph (Iy), which appears 
from the end of May onwards; with reference to Cassagnau 
(e.g. 1986) we call these transitional morphs B. I, and Ig 
are active on the surface, together with their progeny in I,. 
L. as a C-morph, stays in the soil, whilst the juveniles, 
being now in I,, are surface-active. lo, being in morph A 


Fig. 1. Development of Ceratophysella 
sigillata, expressed in total body length (di- 
visions on size scale 0.1 mm). Bold line: 1. 
year animals; medium line: 2. year animals; 
thin line: 3. year animals. morph A; 
------ morph B; — - — morph C; - - — 
morph E; + reproduction; * hatching. At the 
periphery the surface activity is indicated 
by black bars (inner circle: 1. year animals; 
outer circle: animals older than 1 year). 


again, cannot be observed on the surface until mid De- 
cember, when both generations appear together. Up to the 
next reproduction period, activity and moults in all animals 
are highly synchronized. The two age groups can easily be 
distinguished by their colouring, first year animals being 
purple, second year animals being blue-grey. The age 
composition of the colonies may differ greatly, animals of 
the older age class forming a proportion of up to 30%. 

In spring, second year animals also enter epitoky (I2) 
and reproduce. It is not yet known whether all animals 
reproduce in their first year and a proportion of them does 
this for a second time one year later, or whether some of 
the animals do not reproduce in the first year but wait until 
their second epitoky. In the laboratory, successful repro- 
duction was observed in 7 out of 9 I,, cultures and in 7 out 
of 101, cultures, egg numbers being comparable. 

The transitions 1,,—1,; and I,,-1,; are survived by 
significantly fewer animals than the corresponding moults 
in the younger generation (mortality mean + 95% CL. 
being 15.1 + 5.4% and 88 + 12.7% respectively; values of 
the moults I; to I, see above). The few individuals which 
survive this moult enter the summer dormancy for a third 
time. Because their mucro size no longer differs from that 
of the second year animals, we are not yet able to say if 
they may live for another year. 


3.2. Surface activity 


C. sigillata is very conspicuous when surface-active. All 
instars of the morph A and B may be active on the surface 
whenever humidity of the substrate is high enough (Fig. 


152 Zettel & Zettel: Ceratophysella sigillata + ACTA ZOOL. FENNICA Vol. 195 


1). Only for moulting, as morph C (summer dormancy) 
and morph E (reproduction), as well as for dry periods, do 
they obligatorily retreat into the upper soil. 

I,-animals already appear in densely clustered colonies. 
Estimates of the number of individuals easily run to the 
order of magnitude of several hundred thousands to millions 
per colony; on one hectare dozens of colonies may be 
found. 

We can differentiate between several types of surface- 
activity: 


1) Atlow humidity only part of each colony is visible on 
the surface. They can be recognized as a purple to grey 
haze and their intense jumping can be heard as a fine 
rustling noise at a distance of several metres. 

2) With increasing humidity the animals begin to colonize 
dead wood, where they feed on algae and other micro- 
organisms. Being in body contact with each other, 
they form a dense purple monolayer of collembola. 

3) After rain, when the tree trunks are still wet, C. sigillata 
can climb up the trees to feed on coccal algae. In this 
way, parts of the trunks may turn into blue-purple 
patches, where the springtails are in body contact with 
each other. 

4) Under certain circumstances, which are not yet 
analyzed, the colonies begin to move as a whole over 
the ground. In dense fronts the animals form a thick 
layer like spilled paint. Such aggregations may move 
20 to 50 cm per hour. Fronts may merge and become 
bands several metres in length; the broadest front we 
have observed so far measured approx. 70 m! When a 
front comes to a halt, animals may aggregate and 
accumulate in one spot, forming a layer of 1-3 cm. 
Such spots have been observed to exist for a few 
minutes or up to two days; the animals involved are 
highly active, restlessly jumping. Surface activity can 
be observed throughout the day and night, but at tem- 
peratures below freezing point it is reduced. 


Ceratophysella sigillata can also be detected by its 
odour. When disturbed or being killed, e.g. by trampling, it 
releases an intense odour like an organic solvent or highly 
concentrated exhaust gases. 


4. Discussion 
4.1. Development 


In Collembola, a development period extending over more 
than one year is well known in species of the cold climates of 
the Arctic, Antarctic and Alps. 

The longest normal life span in a temperate climate 
seems to be one year, in monovoltine species, where all 
adults gradually die after reproduction. In cultures, when 
handled with special care, individuals may exceptionally 
attain an age of 2 years (e.g. Isotoma hiemalis: Zettel 1985 and 
unpubl.; Hypogastrura boldorii: Cassagnau & Ferrero 1966, 
Bedos 1986). In related species individuals do not survive 


for more than one and a half years, even when an eco- 
morphosis stops the development for several months during 
summer. Lauga-Reyrel (1984) and Bedos (1986) reported 
that H. boldorii may enter the B-morph for a second time 
after reproduction, but there is no evidence that these ani- 
mals survive this instar or even change into a C-morph. 
Thus, C. sigillata is the only collembolan species known 
from the temperate regions in which a proportion of the 
individuals in the wild live for at least two years. 


4.2. Surface activity and wandering behaviour 


Irregular mass occurrences have been observed in a number 
of collembolan species, but only in Hypogastrura socialis 
and Ceratophysella sigillata are aggregations of millions of 
individuals known to be part of the normal behaviour, being 
mainly known from winter. The populations of H. boldorii 
which Cassagnau and his team observed in southern France 
may also occur in colonies comprising several tens of thou- 
sands of individuals (e.g. Cassagnau 1973), but they usually 
remain in the litter layer. 

Leinaas (1981) reported Hypogastrura socialis forming 
similar aggregations during summer, but restricted to tree 


. Stumps and not moving on the surface. Sachsse (1957) re- 


ported Ceratophysella sigillata forming wandering fronts 
several metres in length. Uzel (1891) described this behav- 
iour for both species in winter and even mentioned that C. 
sigillata may climb tree trunks. Cassagnau (1973) reports H. 
boldorii in the population of Fontestorbes climbing several 
metres up the trunks of plane trees, but usually hiding under 
the bark. Macnamara (1919) mentioned the special odour of 
H. socialis being useful for locating colonies in the forest. 
The significance of pheromones for aggregation was described 
by Mertens & Bourgoignie (1977) for H. viatica and by 
Leinaas (1983) for H. lapponica and H. socialis. We do not 
know yet whether these pheromones and the odour we are 
able to perceive are identical. 

There is still nothing known about temperature as a 
limiting factor for surface activity during winter. We observed 
C. sigillata at temperatures down to -3.5°C, but usually 
subzero temperatures seem to reduce their activity. For H. 
socialis, Macnamara (1919) recorded —3.8°C as a threshold. 


4.3. Polymorphism 


In Hypogastrurids, both epitoky and summer dormancy have 
been observed. Epitoky is known in a number of Cera- 
tophysella species (e.g. Bourgeois 1971, Bourgeois & 
Cassagnau 1973). Ecomorphosis, as Cassagnau (e.g. 1986) 
called the summer dormancy, is known in 8 Hypogastrurids 
which reach the mediterranean region at their most southern 
distribution. There exists only one record of an ecomorphosis 
north of the Alps: Hypogastrura purpurescens in Geneva 
(Gisin 1949). Therefore, C. sigillata is the only species known 
where an epitoky and a summer dormancy is combined in 
the same species. 
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